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Abstract
·AIM:Toevaluatetheefficacyofanewmodalityfor
improvingvisualacuity (VA)inpediatricpatientswith
anisometropicamblyopia.
· METHODS: Retrospective and interventional case
series. Medical records of 360 children with
anisometropicamblyopiatreatedwithamodalitythat
includedrotatedprisms,lenses,andnearactivitiesfrom
January 2008 to January 2012 were analyzed.
CharacteristicssuchasimprovementofVAandcontrast
sensitivityinamblyopiceyesandresolutionofamblyopia
(VA臆0.1logMARoradifferenceof 臆2linesinlogMAR
betweentheeyes)wereassessed.
·RESULTS:Amongthepatients,themeanVAofthe
amblyopiceyesimprovedfrom0.48logMAR(SD=0.16)to
0.12logMAR (SD=0.16)andthemeanVAimprovement
was0.36logMAR (SD=0.10, <0.001).Resolutionof
amblyopiawasachievedin233of360patients(64.72%).
Themeantimeforresolutionofamblyopiawas8.05
weeks(SD=4.83)or14.14sessions(SD=8.76).Amongthe
studygroup,refractionerrordidnotchangesignificantly
aftertreatment(=0.437).Wefoundthatbetterbaseline
VAmayberelatedtosuccessandshortenthetimeto
amblyopicresolution.
·CONCLUSION:VAandcontrastsensitivityimproved
withrotatedprisms,correctinglenses,andnearactivities
in children with anisometropic amblyopia. The VA
improvementbythismodalitywascomparabletoother
methods.However,thetimetoresolutionofamblyopia
wasshorterwiththismethodthanwithothermodalities.
Rotatedprismscombinedwithnearacuitycouldprovide
analternativetreatmentinchildrenwithanisometropic
amblyopiawhocan'ttoleranttraditionaltherapymethod
likepatching.
· KEYWORDS: amblyopia; nearactivity; perceptual
learning;rotatedprism
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INTRODUCTION
A
mblyopiaisadisorderthatconsistsoffunctional
abnormalities,suchasvisualacuity(VA)reduction,
contrastsensitivityimpairment,spatialdistortion,abnormal
spatial interaction,andcontourinteraction.Refractive
amblyopia,eitheranisometropiaorisometropia,resultsfrom
relativehighrefractiveerrorsinoneorbotheyesthatcause
blurredretinalimages.Thepresumedmechanismisvision
patterndeprivation.Theaffectedeyeprovidesamoreblurred
imagetotheretinaandbrainandamblyopiadevelops.
Childrencarrytheriskofdevelopingamblyopiaifthe
conditionisuntreatedwithintheircriticalperiod.Previous
studiesshow optimalspectaclecorrectionisamajor
componentinimprovingvisualfunctioninpatientswith
anisometropicamblyopia
[1, 2].. Inaddition,patching,or
penalizationofthesoundeye,isamajorusedasanadjunct
totheanisometropicamblyopiatherapy.
Inadditiontopatching,penalization,andrefractive
correction,thereareahandfulofmethodstotreat
anisometropic amblyopia. Perceptuallearningimproves
visualperformancebyrepeatingbasictasksandshowed
comparableeffectsinamblyopictherapywithpatching
[3-9].
However,thesocialstigmaandanxietyofpatchinginelder
childrenlimitedits complianceandthusitsuseful
application.Onthecontrast,perceptuallearningwouldbe
lessefficientinyoungerchildrenthanelders.Therefore,in
thisstudy,weevaluatedtheefficacyofanewmodalitythat
combinesrotatedprisms,lenses,andnearactivitiesin
pediatricpatientswithanisometropicamblyopia.
SUBJECTSANDMETHODS
Subjects Thestudyprotocolcompliedwiththe
requirementsoftheInstitutionalReviewBoard.Medical
recordsofpediatricpatientswhounderwentamblyopic
therapybythismodalitybetweenJanuary2008andJanuary
4872012intheophthalmologydepartmentofLinAmblyopicEye
Centerwerereviewed.
Patientswererecruitedintothisstudyiftheymetthe
inclusioncriteria.Theinclusioncriteriawerechildrenage
from3to11years,VAworsethan0.3logMARoratleast
twolinesofdifferencebetweentheeyesinanisometropic
amblyopia,andwithoutexistenceofstrabismusorother
oculardiseasesthatcouldresultinreducedVA.
Anisometropiawasdefinedasadifferenceof 逸1.00Dinthe
myopic,hyperopic,orastigmaticrefractiveerrorbetweenthe
patient'seyes.Correctionofrefractiveerrorwasacceptedin
thisstudy.Spectacleswereprescribedbytwo
ophthalmologists(Chao-ChyunLin,MDandPo-LiangChen,
MD).Weexcludedpatientsiftheydidnotmeetthedefinition
foramblyopiaorfailureduringthefollow-upperiod,and
concurrent amblyopiatreatment,suchascycloplegics,
patching,orotherperceptuallearningtasks.
Methods Thenewmodalityweusedcontainstwosetsof
lensesfor"flippers"inourvisualtrainingprogram.SetAwas
constructedwitha0.5Dpluslensanda5.0Dprism
(alternativebase-inorbase-down);setBincludeda+1.0D
pluslenswitha2.0Dbase-inprism.
Wheneligiblepatientsperformedtheirtrainingfornear
activitiesatadistancebetween2.5and3.0m,suchas
watchingtelevision,thismodalityswitchedtoonlysetAfor
function.Thetrainingprogram,whichlastedfor50min,
consistedofusingthe0.5Dpluslensand5.0Dbase-down
prismforsixsecondsfollowedbythe0.5Dpluslensand
5.0Dbase-inprismforanothernineseconds(Table1,Figure1).
Inanothertypeoftrainingperformedatcloserdistances
rangingfrom30cmto60cm,setsAandBwereworked
togetherfor50minwhileweaddeda1.50Dpluslensinfront
oftheeyeforreadingordoinghomework(distance30cm)
anda0.5Dpluslensforplayingcomputergames(distance
60cm).Intheinitialsixsecondsofthistraining,therewas
onlythesetAlenswitha0.5Dpluslensand5.0Dbase-down
cylinders.Inthefollowing14s,setsAandBwereused
togetherwitha1.5Dpluslenswith7.0Dbase-inprism(0.5D
pluslenswith2.0Dbase-inprisminsetAand+1.0Dplus
lenswith5.0Dbase-inprisminsetB).Neteffectsfor
differentpurposesdifferedaccordingtotheadditionalplus
lens(Table1).
Visualtrainingusingthismodalitywasconductedtwicea
weekinouroutpatientdepartment.TheVA,contrast
sensitivity,andcycloplegicrefractionerrorwererecordedfor
eachpatientatthebeginningofthestudy,everyfoursessions
Table 1  Setting of the modality in different activities 
Parameters  Set A  Set B  Net effect 
Original setting  0.5D plus lens 
5.0D prism 
1.0D plus lens 
2.0D prism 
 
6s 
0.5 plus lens 
5.0D prism (base-down) 
No work 
6s 
0.5 plus lens 
5.0D prism (base-down) 
Watching television 
(2.5-3.0m) 
9s 
0.5 plus lens 
5.0D prism (base-in) 
No work 
9s 
0.5 plus lens 
5.0D prism (base-in) 
6s 
0.5 plus lens 
5.0D prism (base-down) 
No work 
6s 
2.0 plus lens 
5.0D prism (base-down) 
Reading 
(30cm) 
Add 1.5D  
14s 
0.5 plus lens 
5.0D prism (base-in) 
1s 
1.0D plus lens 
2.0D prism(base-in) 
14s 
3.0D plus lens 
7.0D prism (base-in) 
6s 
0.5 plus lens 
5.0D prism (base-down) 
No work 
6s 
1.0 plus lens 
5.0D prism (base-down) 
Playing computer games 
(60cm) 
Add 0.5D 
14s 
0.5 plus lens 
5.0D prism (base-in) 
14s 
1.0D plus lens 
2.0D prism(base-in) 
14s 
2.0D plus lens 
7.0D prism (base-in) 
D=diopters. 
Figure1Onepatientusedthismodality A:Watchingtelevision;B:Playingcomputergames.
Amblyopiatreatedwithrotatedprismandnearactivity
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duringthestudyandattheendofthestudy.
TheprimaryendpointinthisstudywasadifferenceinVAof
lessthan2linesdifferenceoraVAbetterthan0.1logMARin
amblyopiceye.Thesecondaryendpointwasthatthe
amblyopiceyedidnotgain ＞0.1logMARimprovementin
sixconsecutivesessions.
ReliablemeasurementsofVA,refractionerror,andcontrast
sensitivitywererecorded.VAwasmeasuredbylogMARVA
testing(Chart2210;PrecisionVision,LaSalle,IL,USA).
Refractionerrorwascheckedbyretinoscopyafterthe
instillationof0.1%cyclopentolateeyedrops.Contrast
sensitivitywasrecordedatthebeginningandendofthe
study.
Statistical Analysis DatawereanalyzedusingSPSS
software(version13.0forWindows;SPSSInc.,Chicago,IL,
USA).Student's -testwasusedforcomparingcharacteristics
beforeandaftertreatment. ＜0.05was considered
significant.Regressionanalysiswasadoptedtoevaluatethe
factorsconcordantwithimprovementoftheVA and
amblyopiaresolutionamongthepatients.
RESULTS
Therewere380childrenwhoattendedthisstudy.Twelve
childrenwereexcludedbecausetheycouldnotcomplete
trainingcourseandsixchildrenlossoffollow-up.Intotal,we
reporttheresultsof360childrenwithanisometropic
amblyopia.Inthegroup,therewere20childrenwithmyopic
amblyopia,60withhypermetropicamblyopia,75with
astigmaticamblyopia,and 205withmixedrefractive
amblyopia.Inourstudy,themeanagewas6.43years(SD=
1.40)andthebaselinemeanrefractionerrorinspherical
equivalentwas-1.06D(SD=0.67).ThemeanVAofthe
amblyopiceyesatbaselinewas0.48logMAR(SD=0.16).The
baselinecharacteristicsofthesepatientsarelistedinTable2.
Patientswereclassifiedintosuccessorfailuregroups
accordingtotheresolutionoftheiramblyopia.Thecriteria
forsuccesswereamblyopiathatresolvedwithafinalVA
臆0.1logMARintheamblyopiceyeoraninterocularVA
difference 臆2linesinlogMAR.Asaresult,therewere233
patientsinthesuccessgroup.Theoverallsuccessrateinthis
newmodalitywas64.72%.ThemeanVAoftheamblyopic
eyesimprovedsignificantlyfrom0.48logMARatbaselineto
0.12logMARafterVAstabilizedwithameanimprovement
of0.36logMAR(SD=0.10).Themeantimetoresolutionof
amblyopiawas8.05weeksrangingfrom5.0to24.0weeks
(SD=4.83).Themeannumberofsessionsofvisualtrainingto
resolutionwas14.14sessions(rangingfrom6to50sessions,
SD=8.76)(Table3).Themeandifferenceinrefractionerror
beforeandaftertreatmentwas-0.39Dwithoutsignificance
(SD=0.67, =0.437).ThebetterbaselineVAwasrelatedto
successandshorterofthetimetoamblyopicresolution( =
0.001).
Beforetreatment,contrastsensitivityinthesepatientswas
belowthenormallimitandthepeakbaselinecontrast
sensitivityshiftedtoalowerfrequency(Figure2).The
Table 2  Baseline characteristics of all patients studied  ( n =360) 
Characteristics  n (%) 
Male  200(55.5) 
Age (a)   
Mean (SD)  6.43 (1.40) 
Range  3.8 to 11.0 
3 to <4  10 (2.8) 
4 to <5  21 (5.8) 
5 to <6  118 (32.8) 
6 to <7  103 (28.6) 
7 to <8  52 (14.4) 
8 to <9  42 (11.6) 
9 to <10  5 (1.4) 
10 to 11  9 (2.5) 
Visual acuity   
Mean logMAR (SD)  0.48 (0.16) 
Range  0.40 to 0.80 
0.40 to <0.50  182 (50.5) 
0.50 to <0.60  75(20.8) 
0.60 to <0.70   63 (17.6) 
0.70 to <0.80  30 (8.3) 
0.80 to £1.00  10 (2.8) 
Type of refractive amblyopia   
Myopia  20 (4.3) 
Hypermetropia  60 (12.9) 
Astigmatism  75 (15.7) 
Mixed  205 (67.1) 
Spherical equivalent (D)   
Mean (SD)  -1.06 (5.35) 
Range  -15.00 to 0.75 
<-7.00  67 (18.6) 
-7.00 to <-4.00  5 (1.4) 
-4.00 to <0.00  93(25.8) 
0.00 to <4.00  139 (38.6) 
4.00 to <7.00  56 (15.5) 
D=diopters; logMAR=logarithm of the minimum angle of resolution; 
SD=standard deviation. 
Table 3  Resolution of amblyopic eyes after treatment (n=233) 
Characteristics  n (%) 
Improvement from baseline (logMAR)   
Mean (SD)  -0.36 (0.10) 
Range  -15.00 to 0.75 
<2 lines  10 (4.3) 
2 to <3 lines  52 (22.3) 
3 to <4 lines   135 (57.9) 
4 lines  36(15.4) 
Time to resolution (weeks)   
Mean (SD)  8.05 (4.83) 
Range  5.0 to 24.0 
<8 weeks  130 (55.8) 
8 to <16 weeks   99 (42.5) 
‡16 weeks  4 (1.7) 
Sessions to resolution   
Mean (SD)  14.14 (8.76) 
Range  6 to 50 
<7 times  97 (41.6) 
7 to <14 times  126(54.0) 
‡14 times  10 (4.3) 
logMAR=logarithm of the minimum angle of resolution. 
 
489contrastsensitivityshowedsignificantimprovementafter
therapyforallspatialfrequenciesandimprovedbyfactorsof
2.11,1.95,2.79,5.20,and4.14atspatialfrequenciesof1.5,
3.6,12,and18cyclesperdegree,respectively.The
correlationbetweenimprovementsincontrastsensitivityand
VAwasafactorof0.28.Amongallpatients,wefoundthat
thebaselineVAwastheonlysignificantfactortopredictthe
successorfailureoftreatment(negativecorrelation, ＜
0.001,
2=0.291).BaselineVAwasalsoafactorfor
predictingfasterimprovement( ＜8weeks).
DISCUSSION
Themodalityusedinthisretrospectivestudywasinitially
designedformyopiacontrol
[10].Inourpriorstudyevaluating
theshort-termeffectofthismodality,meanreductionin
refractionerrorof0.28D(SD=0.03)wasshowninthetest
group
[10].Inadditiontotherefractionchange,wefoundthat
thecontrastsensitivityalsoimprovedinourpatients.Prior
studiesfoundthatperceptuallearningimprovesvisual
performanceinamblyopiceyes
[4,7] andVAmayalsoimprove
aftercontrastsensitivityimprovement
[8].Inthisstudyofthe
long-termeffectsofthetreatment,wedesignedatraining
programthatconsistedof50minasessionfortwosessionsa
week.VA,contrastsensitivity,andrefractionerrorchange
aftertreatmentwereanalyzed.
Themainstreamofrefractiveamblyopiatherapyisrefractive
correctionwithpatching,penalization,ortheircombination.
Refractivecorrectionalonehasbeenproventooffer3.9lines
ofimprovementduringthefirstyearinpatientswithbilateral
moderateandsevererefractiveamblyopia
[2].Patchingand
penalizationarewell-knownadjuncts foramblyopia
treatment.Althoughstudyhavereviewedtheefficacyand
frequencyofpatchingtoincreaseitscomplianceinsuch
patients
[11].However,thesocialstigmaandanxietyof
patchinginyoungerchildrenlimiteditscomplianceandthus
itsusefulapplication.Ourpriorstudyshowedcomparable
resultsbetweenpatchingandperceptuallearning,butmost
youngerchildrenfeltboredwhendoingtraining
[5].Therefore,
weconductedthisnewtrainingmethodforyoungerandolder
children.
ThemeanVAimprovementinourstudywas0.36logMAR,
whichwascompatiblewithpreviousstudies.Inourprior
studyonVAimprovementbyperceptuallearningorpatching
inanisometropicamblyopiceyes,VAimprovementby
perceptuallearningwas2.5lines
[5,6] inamblyopiceyes.We
believethatthedifferentoutcomeinourstudyisattributable
todifferentmodalityofvisualtraining,ortodifferent
inclusioncriteria.
Stewartandhiscoworkers
[13] proposedthatthedose-response
rateforpatchinginpatientsagedbetween3and8yearsis
around0.1logMARforevery120hofpatching,andlaterthey
suggestedthatagemayinfluencethedose-responseratein
amblyopiatherapy
[14].Accordingtothisconclusion,itmay
takeabout420hofpatchingtoachieveameanimprovement
of0.32logMAR.FromthepatchingstrategyinPEDIG
studies,patientswithmoderateamblyopia(VArangefrom
20/80to20/40)shouldundergoapatchingdoseoftwohours
perday
[11].Thatregimenwouldrequirenearlysevenmonths
ofpatchingtoachieveanimprovementof0.36logMARsuch
asfoundinourstudy.Patientsreceivingthecurrenttreatment
modalityspent8.05weekstoreachresolutionofrefractive
amblyopia.Webelievethatthefasterresolutionoffive
monthsoverpatchingtreatmentismostlyattributabletothis
newmodality.
Complianceinamblyopiatherapyremainsthemajorconcern
regardingitssuccess.Loudon
[15] statedthatpoor
parentalfluencyinthenationallanguage,alowlevelof
education,andpoorbaselineVAmayleadtolowcompliance
andthenfailureoftherapy.Intensesupervisionofocclusion
treatmentandparentaleducationgreatlyhelptoimprove
successrates
[16].Traditionalpatchingfailedinsomepatients
duetosocialstigmaoranxiety,butperceptuallearningmay
alsofailbecausethesimpletasksaretooboring
[5].Our
treatmentprovidedrelativehighcomplianceusingthis
modalitybecauseofinterestingtaskslikeplayinginteractive
computergames,watchingTV.
WethoughtthatimprovementinVAmayresultfromseveral
causes.First,similarlytootherstudiesofperceptuallearning,
improvedcontrastsensitivityplayedamajorrolein
improvementVA.Second,interactiveactivitiesconsistingof
watchingfavoritetelevisionprograms,playinginteractive
computergames,anddoinghomeworkincreasedcompliance
comparedwithrepetitivesimpletasks.Sincemyopiahasa
relativelyhighprevalenceinEastAsiansof22.4%attheage
ofsixyearsand64.1%at12years
[17],severalfactors
includinggenes,environment,ornearworkarethoughttobe
involved.Nearwork( ＜ 30cm)andlongerworkingtime
(＞30min)wererelatedmorerefractionchangestoward
myopia.Inourstudy,althoughamblyopiatreatmentwas
performedinnearactivitiesatadistancefrom30cmto3.0m,
therewasnosignificantrefractionerroradditionnotedafter
long-termtreatment
[18].
Figure2 Meancontrastsensitivityoftheamblyopiceyeat
differentspatialfrequenciesinpatientsatbaselineandafter
treatment.
Amblyopiatreatedwithrotatedprismandnearactivity
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Thereweresomelimitationsinourstudy.First,therewas
absenceofacontrolgroup.Mostparentsrequestedthis
therapyafterthefailureofothertherapiesandwerenot
willingtoparticipateinthecontrolgroup.Second,because
thisstudywasaretrospective,therefore,thedatatododetail
analysiswerelimited.Third,mostpatientsenrolledinour
studywithmoderatetomildamblyopia(mostbaselineVA
rangedfrom0.4to0.80logMAR)comparedwithmoderateto
severeamblyopiainpreviousstudies.Furtherperspective
studieswithmorepatientsshouldbeneededtosolvethese
problems.
Inconclusion,ourstudyshowedgoodresultsforthis
modalityinanisometropicamblyopiatherapy.VAand
contrastsensitivity improvedafterabiweeklytraining
program.Patientsagedfrom3to11yearswithanisometroic
amblyopiacouldachieveimprovementofvisualacuityor
resolutionoftheiramblyopia.Thismodality,whichcombines
rotatedprisms,lenses,andnearactivities,mayprovidean
effectivealternativefortreatinganisometropicamblyopia.
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